Introduction {#Sec1}
============

Non-Newtonian fluids have earned a lot of attention because of a wide range of their applications in science and engineering. Various models such as Jeffery fluid, elastic fluid, micro-polar fluid, and Casson fluid are termed as non-Newtonian fluids. The mechanics of non-Newtonian fluids pose challenges for scientists, engineers, and mathematicians because of their versatility^[@CR1]--[@CR3]^.

Casson fluid is a non-Newtonian fluid introduced by Casson^[@CR4]^. Casson fluid is a shear-thinning liquid that is supposed to have an infinite viscosity at zero shear rate, yield stress below which there is no flow and zero viscosity at an infinite shear rate^[@CR5]^. This means that if the shear stress is lower than the yield stress, it acts like a solid. However, Casson fluid tends to flow as the shear stress surpasses the yield stress. Some examples of Casson fluid are Jelly, salt solutions, ketchup, paints, shampoo, tomato sauce, honey, soup, concentrated fruit juices, etc.

Human blood is assumed to have low electric conduction. It is remarkably affected by a magnetic field^[@CR6]^. The phenomenon of blood flow through narrow vessels at low shear rates can be described precisely as a Casson fluid. Numerous studies have been performed regarding blood flow with varying hematocrits, blood temperature, and blood behavior as a Casson fluid^[@CR7]--[@CR9]^. The findings of such analyses help in the development of models such as for the blood oxygenators and haemodialysers. Sarifuddin^[@CR9]^ analyzed the effects of stenosis and mass transfer on arterial flow. Siddiqui et al*.*^[@CR10]^ studied blood pulsation within the stenotic artery by modeling blood as a Casson fluid and discussed how the blood flow is affected by the pulsation, stenosis, and non-Newtonian behavior. Priyadharshini and Ponalagusamy^[@CR11]^ studied the influence of MHD on blood parameters with magnetic nanoparticles in a stenosed artery.

Fredrickson^[@CR12]^ discussed the steady flow of a Casson fluid. Dash et al*.*^[@CR5]^ investigated Casson fluid moving in a porous vessel. Mustafa et al*.*^[@CR13]^ analyzed an unsteady boundary layer flow and heat transfer of a Casson fluid. They used the Homotopy Analysis Method in the study. Hayat et al*.*^[@CR14]^ studied non-Newtonian fluid boundary layer flows caused by a stretching sheet. This phenomenon has several industrial applications. Pramanik^[@CR15]^ investigated the boundary layer flow of a non-Newtonian fluid followed by heat transfer to an exponentially stretching surface in the presence of suction or surface blowing. Khan et al*.*^[@CR16]^ investigated an unsteady flow of a Casson nanofluid over a vertical plate with heating effects. The combined effect of Joule heating and viscous dissipation on MHD boundary layer flow and melting heat transfer of a Micropolar fluid over a stretching surface was studied by Kumar et al*.*^[@CR17]^. Kumar et al*.*^[@CR18]^ investigated the flow of the Marangoni boundary layer in a Casson nanofluid with the impact of a chemical reaction and the uniform effect of heat source/sink as well as convective conditions. Kumar et al*.*^[@CR19]^ also investigated the Marangoni boundary layer flow over a stretching sheet in a Casson nano liquid, as well as the impact of a chemical reaction and uniform source/sink of heat.

Kumar et al*.*^[@CR20]^ researched Casson fluid\'s magnetohydrodynamic mixed convection flow over a vertical plate with the effect of Cross diffusion and nonlinear thermal radiation. Gireesha et al*.*^[@CR21]^ studied the impact of chemical reaction on the 3D flow and heat transfer of an MHD nanofluid in the vicinity of an elastic surface plate containing gyrotactic microorganism. By considering mixed convection, Kumar et al*.*^[@CR22]^ addressed the impact of viscous dissipation on the MHD flow, heat, and mass transfer of Casson fluid over a plate.

Nourazar et al*.*^[@CR23]^ investigated an MHD Casson fluid flow in a stretching/shrinking channel. Reddy et al*.*^[@CR24]^ investigated the concept of unsteady MHD flow over a contract cylinder of the non-linear radiative heat transfer of Casson liquid. Debnath et al*.*^[@CR25]^ discussed a pulsatile non-Newtonian fluid flow through a pipe. Khan et al*.*^[@CR26]^ studied the heat convection of a Casson fluid over a moving vertical plate in a porous medium with MHD effects and chemical reaction. Amlimohamadi et al*.*^[@CR27]^ numerically examined the flow of a Casson fluid through a porous constricted channel. They assumed that the resistance provided by the porous medium obeys the law of Darcy. In such a medium, the constriction is considered as another porous medium obeying the Darcy--Forcheimer system.

Studies of the magneto-hydrodynamic flow of non-Newtonian fluid in porous mediums have received substantial interest from several researchers because of their applications within the investigation of energy sources, improvement of metal, and metal alloy formation processes, and treatment of fuel detritus^[@CR28]--[@CR31]^. In considering blood as Casson fluid, Ali et al*.*^[@CR28]^ studied the hydro-magnetic effects on blood flow in a horizontal circular duct. The present paper aims at analyzing non-Newtonian Casson fluid flow. In particular, the objective is to investigate the behaviors of steady and pulsatile flows and the flow separation region in a constricted channel, characterized as a porous medium. The fluid is assumed to be an electrically conducting fluid with low conduction. The effectiveness of the scheme is validated by computing the results by setting $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${D}_{a}=0$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\beta \rightarrow \infty$$\end{document}$ and comparing these with results computed by Bandyopadhyay and Layek^[@CR32]^.

By using the vorticity-stream function approach, the transient flow model is solved using a numerical scheme based on the finite difference method. The effects of various parameters on the axial velocity, shear stress on both the walls, streamline distribution, and vorticity distribution are observed and argued. These parameters are the magnetic number, Reynolds number, Strouhal number, Porosity parameter, and Casson fluid parameter.

The subsequent part of the article is organized as follows. "[Mathematical formulation](#Sec2){ref-type="sec"}" describes and transforms the mathematical model into a solvable form. "[Results and discussion](#Sec7){ref-type="sec"}" presents the results and relevant discussions. Finally, "[Conclusions](#Sec8){ref-type="sec"}" summarizes the conclusions.

Mathematical formulation {#Sec2}
========================

We consider a non-Newtonian electrically conducting Casson fluid through a two-dimensional porous channel. The channel has constrictions on the upper and lower walls, which are placed $\documentclass[12pt]{minimal}
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The governing equations of the non-Newtonian fluids are highly non-linear and more complicated as compared to those of Newtonian fluids. Due to complexity, no single constitutive equation exhibiting all properties of such fluids is available. The Casson fluid model is often considered to be better than the general viscoplastic model in fitting the rheological data that is closely related to the blood flow. The rheological equation of state for an incompressible flow of Casson fluid model is as follows^[@CR15],[@CR33],[@CR34]^:$$\documentclass[12pt]{minimal}
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Thus, the equations governing the unsteady, two dimensional MHD (magneto-hydrodynamic) flow of an incompressible Casson fluid under the effect of Lorentz force are given by$$\documentclass[12pt]{minimal}
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The continuity equation is given by$$\documentclass[12pt]{minimal}
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In the case of the steady flow, Maxwell's equation $\documentclass[12pt]{minimal}
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To obtain the dimensionless form of the system of Eqs. ([7](#Equ7){ref-type=""}), ([4](#Equ4){ref-type=""}), and ([5](#Equ5){ref-type=""}), the following quantities are introduced:$$\documentclass[12pt]{minimal}
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Using the quantities from Eq. ([8](#Equ8){ref-type=""}) in Eqs. ([7](#Equ7){ref-type=""}), ([4](#Equ4){ref-type=""}), and ([5](#Equ5){ref-type=""}) gives$$\documentclass[12pt]{minimal}
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The outlet boundary conditions are treated as for fully developed flows. For the pulsatile flow, the flow is considered sinusoidal:$$\documentclass[12pt]{minimal}
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Channel wall geometry {#Sec4}
---------------------

The mathematical representation of the constricted part of the channel is$$\documentclass[12pt]{minimal}
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Vorticity-stream functions formulation {#Sec5}
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Using the quantities (Eq. [20](#Equ20){ref-type=""}), we obtain the following equations:$$\documentclass[12pt]{minimal}
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Transformation of coordinates {#Sec6}
-----------------------------

The transformation for the coordinates is defined as:$$\documentclass[12pt]{minimal}
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Results and discussion {#Sec7}
======================

The numerical solutions of Eqs. ([25](#Equ25){ref-type=""}) and ([26](#Equ26){ref-type=""}) subjected to the boundary conditions (Eq. [29](#Equ29){ref-type=""}) are computed using the finite difference method. The numerical method follows a standard approach, as used by Bandyopadhyay and Layek^[@CR32]^. The computational domain is taken as$$\documentclass[12pt]{minimal}
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